INTRODUCTION
Habitat models, in general, and habitat suitability index (HSI) models, in particular, are among the most widely used wildlife management tools in North America , Van Horne and Wiens 1991, Brooks 1997) . In Europe, habitat models are receiving increasing attention (Storch 1996 , Kuhn 1998 as the need for practical evaluation methods for land management and conservation practice has become recognized (Link et al. 1996) . Typically, habitat models are used to assess the suitability of an area as a habitat for one or several target species. A HSI model summarizes the conceptual understanding of the habitat relationships of the target species, based on literature reviews, expert opinion, or research studies. A set of habitat variables is identified and combined into a series of simple equations. The resulting HSI score ranges between 0 for unsuitable and 1 for optimal habitat suitability. Ideally, a HSI model should be validated by comparing the model output with population data from independent sites before it is put into use. HSI scores allow one to compare differences among sites, over time, or between management scenarios. The procedures of HSI model development and testing have been summarized by Schamberger and O'Neil (1986) , Van Horne and Wiens (1991) , Morrison et al. (1992) , and Brooks (1997).
Species-habitat relationships include several hierarchical levels of spatial scale, and different habitat features may be relevant to a species at different scales (Bissonette 1997) . Thus, habitat variables used successfully to predict a species' response at one scale may fail at another. Habitat models, however, rarely consider the potential effects of scale (e.g., Hamel et al. 1986 , Laymon and Reid 1986 , Van Horne and Wiens 1991 . The spatial resolution underlying HSI models depends on the resolution of the species-habitat concept used for model development. Being planning rather than research tools, most HSI models are not built on direct investigations, but on whatever information is at hand. Therefore, resolution will often result from the available data set rather than from purposeful design. http://www.consecol.org/vol6/iss1/art6 Hence, many HSI models are applied with the underlying assumption that wildlife-habitat relationships are consistent throughout all levels of scale (Hamel et al. 1986 ). The implications of this assumption for model application have rarely been assessed (Schulz and Joyce 1992) . This is the general problem that I address in this paper.
There is good evidence that both small-scale and landscape-scale characteristics of the habitat are significant predictors of the presence and abundance of vertebrate species (Mazerolle and Villard 1999) . In the past, however, landscape-scale features such as habitat fragmentation have not been a common consideration in wildlife habitat models (Temple and Wilcox 1986) . Most models are built on a species' preferences for smaller scale habitat features such as vegetation or soil characteristics (e.g., Van Horne and Wiens 1991, Picozzi et al. 1992) . This is the resolution at which wildlife-habitat relationships most commonly have been perceived and described (Temple and Wilcox 1986) , and is also the resolution of the data most commonly available to land use managers. This is also true of the Capercaillie (Tetrao urogallus), a grouse of the boreal and montane forests of Eurasia. In central Europe, the Capercaillie is regarded as an indicator of intact mountain forest communities (Müller 1978 , Scherzinger 1989 , Marti 1993 ). The species is considered to be a habitat specialist with close affinity to old conifer forest rich in bilberry, Vaccinium myrtillis (Rolstad and Wegge 1987 , Klaus et al. 1989 , Picozzi et al. 1992 . In the past, descriptions of Capercaillie habitat needs have almost exclusively addressed vegetation structure at the forest stand level, and accordingly, habitat management measures for Capercaillie have primarily focused on stand structure (Storch 1997b) . Because of its relatively large spatial requirements, with annual home ranges of several hundred hectares in size, the Capercaillie is susceptible to forest fragmentation (Rolstad and Wegge 1987 , 1989 , Storch 1995a . Although the Capercaillie's habitat preferences at the forest-stand level can be described by a small set of variables (Picozzi et al. 1992 , Storch 1995 , it is unclear whether Capercaillie presence and abundance can actually be explained by small-scale habitat structure. This is the specific question that I address in this paper.
In this study, I aim to determine whether species presence and abundance can be predicted without reference to the landscape context. I explore whether a habitat model based on small-scale habitat preferences can explain (1) presence or absence of signs of Capercaillie use at the scale of 5-m sample plots, and (2) differences in Capercaillie abundance between mountain ranges, i.e., local populations. I present a HSI model for Capercaillie habitat evaluation that is exclusively built on variables at the forest-stand level (such as canopy cover and ground vegetation height), without any consideration of landscape features (such as patch size or juxtaposition). I assess whether, at the local scale, HSI scores are related to the chances of finding signs of Capercaillie use (such as feathers or feces), and thus correctly reflect Capercaillie habitat preferences at the forest-stand level. Because the frequency of Capercaillie signs may also depend on habitat features at larger spatial scales, I also assess the relationship between incidence of signs and HSI scores aggregated over areas of various sizes, up to 2000-ha study areas. Lastly, I explore whether the inclusion of landscape patterns as explanatory variables may improve the predictability of Capercaillie presence and abundance.
In most central European countries, the Capercaillie is listed in the Red Data Books of endangered species (Storch 2000) . Human land use, and particularly forestry, greatly influences the structure and dynamics of Capercaillie habitats and is considered the main cause of declining Capercaillie numbers during the past decades Wegge 1989, Klaus and Bergmann 1994) . Therefore, integrating forestry practices and Capercaillie habitat preservation is a major conservation challenge (Storch 2000) . Standardized and practical methods that allow objective evaluation and monitoring of habitat suitability are needed (see also Picozzi et al. 1992) . In the Alps, Capercaillie habitat is managed primarily by local State foresters or small, private forest owners, and descriptions of forest stands are the kind of data typically available. Thus, the major motivation for developing the HSI model for Capercaillie was to create a tool for habitat suitability assessment at the stand level that could be used in forest planning and management.
METHODS

Study areas
The Alps have the widest distribution of Capercaillie in central Europe. The species occurs throughout alpine forests, but population density varies locally (Storch 2001; A. Zeitler, personal communication, I. Storch, unpublished data) . In the Bavarian Alps in southernmost Germany, the landscape is characterized by mountain ranges reaching altitudes of 1000-3000 m and covering areas of typically 50-100 km², separated by farmland valleys at 600-900 m altitude and up to a few kilometers wide, and with treelines at 1300-1800 m. In this landscape, the distribution of Capercaillie is spatially structured, with distinct local populations on separate mountain ranges. Juvenile dispersal and adult movement distances reported from throughout the species' range (Storch and Segelbacher 2000) , as well as telemetry results from the Bavarian Alps (Storch 1995a; I. Storch, unpublished data) suggest that only a few birds move between these ranges. Preliminary microsatellite data indicate that Capercaillie populations on neighboring mountain ranges differ genetically (G. Segelbacher and I. Storch, unpublished data) . Fig. 1 . Location of the six study areas in southern Germany, and sampling design within each study area. A 200 x 200 m grid of sample plots was laid over each area. Habitat variables were recorded within a 20 m radius to calculate HSI scores. As an index of Capercaillie use, presence or absence of signs such as feathers and feces was recorded within a 5 m radius. To assess habitat suitability and Capercaillie abundance for 100-, 400-, and 2000-ha areas, data for all sample plots were aggregated.
The climate in the Bavarian Alps is moist and temperate, with mean annual temperatures of about 5°C, mean annual precipitation of 1500-2200 mm, wet summers, and snow-rich winters. Intensive forestry practices have influenced Capercaillie habitats for more than 200 years (Klaus et al. 1989 ).
I selected six mountain ranges in the Bavarian Alps that covered much of the geology, climate, vegetation, and forest management practices found in the region (see Fig. 1 ). From previous experience, Capercaillie densities on the six ranges were assumed to span from very low (Trauchberg) to very high (Teisenberg) for the Bavarian Alps. The northern edges of three ranges (Grosser Wald, Trauchberg, and Teisenberg) followed the border between the mountain forests and the dairyfarming lowlands to the north of the Alps; this borderline also coincides with the northern edge of the alpine range of the Capercaillie. The other three ranges were surrounded by forest and Capercaillie habitats on Conservation Ecology 6(1): 6. http://www.consecol.org/vol6/iss1/art6 all sides. On each range, a study area of about 2000 ha was established (see Table 1 ); the size of the areas was based on a compromise between logistic limitations and statistical needs, and followed administrative or natural boundaries. Forests covered 60-95% of the mountain ranges and ≥90% of all study areas, and were dominated by spruce (Picea abies) mixed with varying percentages of beech (Fagus sylvatica) and fir (Abies alba). All areas were state-owned forest managed by the Bavarian State Forest Service, except for one-third of the Estergebirge study area, which was community and privately owned. Even-aged management and, locally, long-term single-tree management were the predominant sylvicultural practices, creating fine-grained forest mosaics with stands of 1-50 ha. 
Model development
I developed a HSI model for Capercaillie in the Bavarian Alps based on smaller scale habitat variables that have previously been shown to significantly influence Capercaillie habitat use (Storch 1993a (Storch , b, 1994 . Capercaillie have seasonally distinct habitat needs. In winter, they feed on conifer needles and spend most of their time on trees, whereas in summer they prefer habitats with abundant ericaceous shrubs, particularly bilberry,Vaccinium myrtillis (Storch 1995b) , for food and cover. Therefore, distinct winter and summer habitat suitability indices, HSI wi and HSI su , were constructed and combined into an index of habitat suitability throughout the year, HSI year . I verified the model using two existing data sets from the same study area, radio-tracking data from 1988-1992 and data on indirect Capercaillie signs from 1992 (G. Schwab, unpublished data) . The process of model development and verification are described in Appendix 1.
Model validation
For statistical analyses, I used SPSS Version 9.0.1 and SPSS version 10.0, unless stated otherwise. Tests were two-tailed throughout (α = 0.05). I use the terms habitat use, selection, preference, availability, and quality according to Hall et al. (1997) .
Database
Habitat variables and signs of Capercaillie use were mapped in the six study areas between July and September 1997. This timing was chosen because, in summer, Capercaillie males do not aggregate at leks as Conservation Ecology 6(1): 6. http://www.consecol.org/vol6/iss1/art6 they do from late autumn through spring, and thus, the bird's range use within a mountain range is not affected by social attraction (Storch 1995a) . Furthermore, Capercaillie molt during summer and indirect signs are most abundant.
A grid of sample points 200 m apart was laid over a 1:10000-scale forestry map of each area, resulting in approximately 500 points per study area and a total of 2901 points for the whole study (see Fig. 1 ). Around these points, a set of habitat variables (Appendix 1). To estimate habitat suitability of the closer surroundings of each sample plot, I aggregated HSI scores for each plot and its eight nearest neighboring plots into mean scores (NN-HSI); excluding marginal plots, i.e., those with fewer than eight neighbors. To assess habitat suitability for 100-, 400-, and 2000-ha areas, the HSI scores for all sample plots within these areas were aggregated into mean HSI scores (100-HSI, 400-HSI, AREA-HSI). To obtain an index of Capercaillie use, presence or absence of Capercaillie signs such as feathers, feces, tracks, or dust baths was recorded during a 15-min search in a 5 m radius sample plot (see Fig. 1 ). However, Capercaillie are rare in the Bavarian Alps, they use large home ranges (Storch 1993a (Storch , b, 1994 (Storch , 1995 , and their feces and feathers disintegrate rapidly in the moist summer climate. Thus, absence of signs from a sample plot is not equivalent to avoidance by Capercaillie. Among sample plots, the probability of finding signs was used as an index of Capercaillie habitat use. The frequency of Capercaillie signs, however, not only is a function of habitat preference, but also is influenced by population density. Therefore, at larger areas, the percentage of sample plots with signs can also be viewed as an index of Capercaillie abundance.
Habitat preferences
The HSI model uses information on Capercaillie habitat preferences to assess habitat suitability. Accordingly, HSI scores should be correlated with habitat selection; that is, preferred habitat types (those used more often than expected based on their availability) should score higher than habitats avoided (used less than expected) by the birds. As a first step of model validation, I therefore assessed Capercaillie summer habitat selection in relation to HSI scores.
I grouped the sample plots from all study areas into 10 intervals according to their HSI su score (as in Table 3 ). For each interval, I aggregated the HSI su scores of all sample points into a mean HSI su score and calculated the percentage of sample plots with Capercaillie signs as an index of habitat use. To assess area-specific differences, I repeated the same procedure for those four study areas with at least 3% sample plots with signs. To avoid small sample sizes, I grouped each study area's sample plots into five HSI classes (instead of 10 intervals) according to their HSI su scores (as in Table 3 ). For each HSI interval, and for each study area and HSI class, respectively, I calculated the mean HSI su score, the relative availability (A) within the study areas (the percentage of all sample plots), the relative utilization (U) by Capercaillie (the percentage of all Capercaillie signs found), and Ivlev's electivity index (I) as I = (U -A)/(U + A) (Krebs 1989 ). Ivlev's index varies from -1.0 to +1.0, with positive values indicating preference, negative values avoidance, and 0 indicating random use. I then related Ivlev's index to the mean HSI scores across the 10 HSI intervals (see Fig. 2 ) and the five HSI classes (see Fig. 3 ), respectively, using linear regression analysis. I used a GLM (general linear modeling) univariate ANOVA (dependent variable: Ivlev's index; covariate: mean HSI su score; fixed factor: STUDY AREA) to test for study-area-specific differences in habitat selection across the five HSI classes. Habitat use at the scale of sample plots I used logistic regression analysis to assess whether presence or absence of Capercaillie signs was related to HSI scores.
In a first step, I assessed the relationship between Capercaillie signs (response variable) and HSI scores at the scale of individual sample plots. To consider study area-related differences, I added STUDY AREA as a categorical explanatory variable. I assessed which of HSI su , HSI wi , or HSI year offered the best explanation of Capercaillie incidence by comparing the measure of residual deviance (-2log-likelihood) between alternative models, and by backward elimination of explanatory variables in logistic models including all three seasonal HSI scores.
Because the assumption of independence of the individual sample plots in the logistic regression could be disturbed by the spatial structure of the data, an alternative logistic model was also estimated. To take into account the spatial correlation structure, a marginal GEE (generalized estimating equations) model (see Diggle et al. 1994 ) was fitted using the procedure GENMOD of the package SAS (SAS Institute 2000). There, the spatial correlation structure of the outcome variable was modeled by assuming constant association of the individual samples in one 100-ha quadrat and assuming independence between the 100-ha quadrats. Compared to standard logistic regression, estimated parameters were almost identical, with slightly larger confidence intervals. This was also true for other choices of the association structure. Thus, the results were not significantly influenced by the spatial structure of the data, and results from standard logistic regression are reported throughout this paper.
Habitat use at larger scales
In the next step, to test model performance at larger spatial scales in relation to Capercaillie signs, I aggregated HSI scores calculated for individual sample plots into mean HSI scores for each sample plot and its eight nearest neighboring plots (0.6 x 0.6 km, i.e., nine sample plots; NN-HSI), for 100-ha (1 x 1 km, i.e., 25 sample plots; 100-HSI) and 400-ha (2 x 2 km, i.e., 100 sample plots; 400-HSI) quadrats, and for the entire approximately 2000-ha study areas (AREA-HSI) (see Fig. 1 ), respectively, equivalent to about 7%, 20%, 75%, and 400% of the annual home range size of Capercaillie in the Bavarian Alps: 550±52 ha, mean ± 1 SE; range 130-1210 ha (Storch 1995a) . For all aggregated HSI scores, I also calculated coefficients of variation (CV).
At each resolution, I used logistic regression to assess the relationship between Capercaillie signs (response variable) and mean HSI scores (NN-HSI, 100-HSI, 400-HSI, and AREA-HSI, respectively; explanatory variable). At the scales of nearest neighbors, 100-ha and 400-ha quadrats, I also included the coefficient of variation (CV) in HSI scores to assess potential effects of HSI score variability, and added STUDY AREA as a categorical variable to test for study area-related differences. For all scales, I assessed which of the aggregated HSI su , HSI wi , or HSI year scores offered the best explanation of Capercaillie incidence by comparing the measure of residual deviance (-2log-likelihood) between alternative models, and by backward elimination of explanatory variables in logistic models including all three seasonal HSI scores. Finally, I included variables from all spatial scales (HSI, NN-HSI, 100-HSI, 400-HSI, and AREA-HSI) into a logistic regression, and assessed significant effects on Capercaillie use by backward elimination (α = 0.05).
To allow for direct comparisons across scales, all cases were excluded from logistic regression for which at least one of the variables used showed missing values. Thus, logistic models were based on N = 2340 sample plots (see Table 4 ), and model fit can be directly compared across scales by the measure of residual deviance (see, e.g., McCullagh and Nelder 1989) .
Effects of landscape patterns
To explore potential effects of landscape patterns at the scale of study areas on the presence and abundance of Capercaillie, I included the following variables in logistic regression analyses: the mean number of plots in each cluster of adjacent sample plots with HSI year scores ≥0.8 (HSI1NN), and the percentage of forest cover in circles of 5 km (FOREST5KM) and 10 km (FOREST10KM) radius, respectively, around the center of each study area (see Table 1 ). I tested for correlations between these variables, AREA-HSI and its CV, and Capercaillie abundance (percentage of plots with sign per study area) using standard least square linear regressions.
First, I introduced the landscape variables in addition to AREA-HSI and its CV as predictors of Capercaillie abundance at the scale of study areas into the logistic Conservation Ecology 6(1): 6. http://www.consecol.org/vol6/iss1/art6 regression model. Then, I recalculated the basic logistic regression models for all other scales (HSI, NN-HSI, 100-HSI, 400-HSI, respectively; see Table 4 ) by replacing the categorical variable AREA (study area) with those landscape variables that had shown significant effects at the scale of study areas (HSI1NN, FOREST5KM) (see Table 5 ). Finally, I repeated the regression with HSI variables from all spatial scales (HSI, NN-HSI, 100-HSI, 400-HSI, and AREA-HSI; see Table 4 ) with HSI1NN and FOREST5KM instead of AREA. At all steps, I assessed significant effects by backward elimination of explanatory variables (α = 0.05).
RESULTS
Habitat preferences
Across the 10 intervals of HSI scores, Ivlev´s electivity index increased from poor to excellent habitat suitability (R²=0.96, P< 0.001) (Fig. 2) . Habitats with HSI scores above 0.5 were preferred (i.e., used more often than expected from their availability), and those with scores below 0.5 were avoided (used less than expected). The same held for the study areas analyzed separately (Fig. 3) . The poorer fit for area 1 probably was due to the small number (N = 13) of Capercaillie signs found. A GLM univariate ANOVA including areas 1, 3, 5, and 6 showed that there were no study-area-specific differences (F = 0.672, 3 df, P = 0.583) in habitat preferences across the five HSI classes.
Habitat use at the scale of sample plots
The chances of finding Capercaillie signs at the scale of individual sample plots were strongly related to habitat suitability scores according to the HSI model presented. A logistic regression analysis revealed a close relationship between HSI su scores and presence of Capercaillie signs. In each of the six study areas, the mean HSI su scores of plots with Capercaillie signs were greater than the mean scores of all plots. However, significant study-area-specific differences in the chances of finding Capercaillie signs were not explained by HSI; e.g., for a given HSI score, the chances of finding signs were almost eight times greater in area 6 than in area 1 (Model 1, Table 4 ).
Fig. 2.
Performance of the HSI model for Capercaillie at the level of sample plots. Capercaillie habitat preference, as expressed by Ivlev´s electivity index, increased across the 10 intervals of summer habitat suitability. Ivlev´s index and the mean HSI scores per interval were closely correlated (weighted least square linear regression; Pearson´s R²). N values (no. sample plots per interval) are given below the xaxis. Fig. 3 . Relation between HSI scores and Capercaillie habitat preference at the sample plot level for individual study areas. In all areas, mean HSI scores and Ivlev´s electivity index were correlated across the five classes of summer habitat suitability (weighted least square linear regressions; Pearson´s R²); differences between study areas were nonsignificant (see Results: Habitat preferences). Data points are color-coded for the different study areas. In study areas 2 and 4, Capercaillie signs had been too rare for individual analysis. Table 4 . Stepwise logistic regression models (regression coefficient B) explaining the presence or absence of Capercaillie signs at individual sample plots (n = 2340) from HSI scores at various scales (HSI su , NN-HSI year , 100-HSI year , and 400-HSI year , AREA-HSI year , respectively; Models 1-5) and study area (AREA; reference = Area 1). The coefficients of variation in HSI scores had been entered into Models 2-5, but showed no significant effects. In Model 6, HSI scores from all scales were considered as explanatory variables entered: (HSI su , NN-HSI year , 100-HSI year , and 400-HSI year , AREA; reference = Area 1). For all models, variables were selected by backward elimination. To visualize Capercaillie habitat use in relation to HSI scores, I grouped the sample plots from all study areas into 10 intervals according to their HSI su score (as in Table 3 ). For each interval, I aggregated the HSI su scores of all sample plots into a mean HSI su score and plotted the percentage of plots with signs against the mean HSI su scores per HSI interval (Fig. 4) . Because habitat use, i.e., the probability of finding Capercaillie signs, increased with HSI scores, from poor habitat (HSI scores 0-0.1) to excellent habitat (0.9-1), I concluded that the HSI model adequately depicts Capercaillie habitat preferences.
However, some differences between the study areas in the frequency of finding Capercaillie signs could not be explained by different HSI scores. To illustrate these area-specific differences, I repeated the same procedure for each of the six study areas by grouping the sample plots into five HSI classes according to their HSI su scores (as in Table 3 ). For each area and HSI class, I aggregated HSI su scores of all sample points to a mean HSI su score, and calculated the percentage of sample plots with Capercaillie signs as an index of habitat use. For each area, I plotted the Conservation Ecology 6(1): 6. http://www.consecol.org/vol6/iss1/art6 percentage of sample plots with signs against the mean HSI su scores per HSI class (Fig. 5 ). The logistic model (Model 1, Table 4 ) was used to compute regression lines. Study-area-specific differences in addition to HSI scores became obvious. 
Habitat use at larger scales
Presence or absence of Capercaillie signs at a sample plot was also significantly related to mean HSI scores aggregated at the scales of nearest neighbors, 100-ha quadrats, 400-ha quadrats, or study areas; CVs of aggregated HSI scores had no significant effect at all scales. In general, the percentage of plots with signs was larger and, accordingly, Capercaillie were more abundant, in areas with greater HSI scores. However, at all scales there were significant study-area-specific differences in Capercaillie abundance that could not be explained by the HSI model. As indicated by the values for residual deviance and change in deviance, model fit and the explanatory power of the HSI scores deteriorated across scales (Models 1-5, Table 4 ).
For nearest neighbors, 100-ha quadrats, and 400-ha quadrats, Capercaillie use was significantly (P< 0.001) related to the aggregated HSI su , HSI wi , and HSI year scores (Models 2-4, Table 4 ). In contrast to the analysis at the scale of sample plots, which had revealed the closest fit for HSI su scores, Capercaillie use was best explained by aggregated HSI year scores (i.e., NN-HSI year , 100-HSI year , 400-HSI year , AREA-HSI year ). At these larger scales, residual deviance showed the best model fit for HSI year , and logistic regression with aggregated HSI su , HSI wi , and HSI year as explanatory variables did not reveal significant additional effects of HSI su or HSI wi . For the six 2000-ha study areas, Capercaillie abundance was significantly related to AREA-HSI wi (P = 0.005) and AREA-HSI year (P = 0.002) scores. Residual deviance showed the best model fit for aggregated HSI year scores, and a logistic regression with AREA-HSI year and AREA-HSI wi showed that the latter variable had no significant effects in addition to HSI year (Model 5, Table 4 ). Regression lines show area-specific results of a logistic regression model with HSI su and study area as explanatory variables (total N = 2901 sample plots). For illustration, the data were aggregated across five classes of summer habitat suitability (see Table 3 for explanation) and for each study area. Data points are color-coded for the different study areas.
To visualize the relationship between mean HSI scores and Capercaillie abundance, I plotted the percentage of sample plots with signs against mean HSI scores for 82 100-ha and 28 400-ha quadrats for which > 50 and > 20 sample plots, respectively, had been mapped, and for the six study areas (Fig. 6) , together with regression lines according to the logistic models 3-5 presented in Table 4> .
Conservation Ecology 6(1): 6. http://www.consecol.org/vol6/iss1/art6 Fig. 6 . Performance of the HSI model for Capercaillie at larger scales. HSI scores for all sample plots within 100-ha, 400-ha, or 2000-ha areas, respectively, were aggregated into a mean HSI score. The percentage of sample plots within a 100-ha, 400-ha, or 2000-ha areas, respectively, is an index of Capercaillie abundance within that area. Regression lines are based on the logistic models in Table 4 . Data points are color-coded for the different study areas.
A logistic regression model including HSI variables from all scales indicated significant positive effects on Capercaillie use for HSI and NN-HSI, positive, but nonsignificant effects of 100-HSI and 400-HSI, and a significant negative effect of AREA-HSI. As the latter result cannot be interpreted ecologically, AREA-HSI was removed from the analysis, and instead STUDY AREA was included as a categorical variable. Backward elimination of variables resulted in a model with significant effects of HSI, NN-HSI, and STUDY AREA, and larger scale aggregated HSI scores did not provide further information (Model 6, Table 4 ). Residual deviance of the resulting model was only slightly better than residual deviance of the basic model with HSI and STUDY AREA (Model 1, Table  4 ).
Because of the obvious correlation between scalespecific HSI scores, a multi-colinearity problem occurs and results should be interpreted with caution. Note, however, that the statistical tests used in the backward elimination procedure are still valid in the presence of correlation of the covariates.
Effects of landscape patterns
Lastly, I tested the landscape variables extent of clusters of excellent habitat (HSI1NN) and the percentage of forest cover within a mountain range (FOREST5KM) and its surroundings (FOREST10KM) as predictors of Capercaillie presence and abundance. The three variables were not significantly intercorrelated, nor were they correlated with AREA-HSI. A stepwise linear regression with the three landscape variables, AREA-HSI year and its CV as predictors revealed that HSI1NN explained 76% (least square linear regression; Pearson's R 2 , P = 0.023, N = 6) of the variation in Capercaillie abundance at the scale of study areas; the other variables showed no significant additional effects.
When the landscape variables were introduced in addition to AREA-HSI and its CV as predictors of Capercaillie signs at the scale of study areas, logistic regression showed a significant negative effect of AREA-HSI. Becauses this result cannot be interpreted ecologically, AREA-HSI was excluded from the analysis. Backward elimination of the remaining variables resulted in a model with significant effects of HSI1NN and FOREST5KM (Model 5, Table 5 ). As indicated by the values for residual deviance, the fit and the explanatory power of this model was slightly better than those for the basic model with AREA-HSI as explanatory variable (Model 5, Table 4 ). Thus, the extent of clusters of plots with excellent HSI scores (HSI1NN) and the percentage of forest cover within a mountain range (FOREST5KM) offered the best explanation for Capercaillie presence and abundance at the scale of study areas. Note, however, that this result is based on n = 6 study areas only and should be interpreted as preliminary.
Conservation Ecology 6(1): 6. http://www.consecol.org/vol6/iss1/art6 Table 5 . Logistic regression models, as in Table 4 , explaining the presence or absence of Capercaillie signs at individual sample plots (n = 2340) from HSI scores at various scales. In contrast to the models in Table 4 , the landscape variables HSI1NN (extent of excellent HSI clusters) and FOREST5KM (percentage of forest cover within mountain ranges) were entered instead of the categorical variable AREA (study area) (Models 1-4, 6). These landscape-scale variables offered the best explanation for Capercaillie abundance at the scale of study areas (Model 5, variables entered: AREA-HSI year, CV-AREA-HSI year, HSI1NN, HSI11, FOREST5KM, FOREST10KM). All models resulted from backward elimination of variables. As a next step, I replaced the categorical variable STUDY AREA with the two landscape variables, HSI1NN and FOREST5KM, and recalculated the basic logistic regression models (see Table 4 ) for all other scales (HSI, NN-HSI, 100-HSI, and 400-HSI, respectively). Backward elimination of variables revealed positive effects of the extent of excellent HSI clusters (HSI1NN) on Capercaillie incidence at all scales (Models 1-4, Table 5 ), whereas forest cover within mountain ranges (FOREST5KM) had a significant influence only at the scale of sample plots (Model 1, Table 5 ). Only at the 400-ha scale did the coefficient of variation in HSI scores show an effect (Model 4, Table 5 ). For the analysis including HSI variables from all scales (Model 6, Table 4 ), replacement of STUDY AREA by the landscape variables resulted in a model with HSI, NN-HSI, and HSI1NN (Model 6, Table 5 ).
Model
Although landscape variables contributed to the presence of Capercaillie signs, HSI scores remained the most powerful predictor at all scales below the scale of study areas. Also, as residual deviance remained poorer for the alternative models (Models 1-4, 6, Table 5 ) compared to their equivalents with STUDY AREA (Models 1-4, 6, Table 4), the landscape variables considered could not fully explain the study-area-related differences. Nevertheless, because the extent of clusters of excellent habitat explained 76% of the variation in Capercaillie abundance among study areas, landscape patterns certainly had major influence on the density of local populations at the scale of mountain ranges.
DISCUSSION
Conservation biology faces the dilemma that nature protection often requires almost immediate decisions regarding questions as complex as the natural systems they address. In this situation, HSI models provide a rapid and simple habitat assessment tool, and are frequently applied in natural resource management. At the same time, they are criticized because of their simplicity and lack of scientific rigor (Schamberger and O'Neil 1986, Brooks 1997) . With HSI models, there seems to be a discrepancy between a great practical value and a poor scientific reputation. Scientific approaches to model testing and reviewing can significantly improve model performance and reliability in management activities (Schamberger and O'Neil 1986, Van Horne and Wiens 1991, Brooks 1997 ). The HSI model for Capercaillie presented in this paper provides an example of the limitations and the potential for misunderstanding that are involved when applying a model at scales different from the scale of the information used for its development. The Capercaillie model was exclusively built on nonspatial, small-scale variables of forest structure and without any consideration of larger scale features such as the extent and juxtaposition of habitat patches. First, the model's representation of Capercaillie habitat preferences at the forest-stand level was assessed. Then, Capercaillie habitat use was related stepwise to HSI scores at different spatial scales from 20 m radius sample plots to 2000-ha areas. The performance of the model at the different scales illustrates several points:
1. Among sample plots, Capercaillie use was closely related to HSI model scores, and Capercaillie selected high-score habitats in all study areas. Apparently, the model adequately described the species' habitat preferences at the scale of forest stands. This congruence of model and data supports the mechanistic and deterministic understanding of ecosystem processes that still is common among land management practitioners. Based on the model's power in reflecting Capercaillie habitat preferences at the scale of forest stands, managers will tend to automatically expect close links between the habitat and Capercaillie abundance at larger spatial scales.
2. Incidence of Capercaillie sign was best predicted from HSI scores at the small scale, but was also related to HSI scores aggregated at various larger scales. Thus, habitats preferred by Capercaillie indeed supported greater numbers of birds. However, model fit deteriorated at coarser resolutions. Most importantly, the great differences in the abundance of Capercaillie populations among mountain ranges could not be explained by the HSI model, but were related to landscape patterns. Quite evidently, both forest structure and landscape patterns should be considered to explain Capercaillie presence and abundance.
3. The overall HSI score can be viewed as an indicator of the vegetation-related components of carrying capacity. The model's power to predict population abundance, however, is limited. In general, HSI models can be expected to account for about half of the variation in species abundance (Morrison et al. 1992) . This does not mean that habitat is irrelevant: habitat suitability, as defined in the model, is a prerequisite but not a guarantee for good Capercaillie populations. Because it depicts the Capercaillie's small-scale habitat preferences, the model can be used for preserving and creating high habitat suitability, and thus provides an effective tool for habitat managers in the Bavarian Alps.
Model development
The model was developed using variables of smallscale forest structure that the Teisenberg telemetry study (Storch 1993a, b) had revealed as having significant effects on Capercaillie habitat use. This study showed that, at the local scale, the model is valid in the forests of the Bavarian Alps. Because of the relatively narrow habitat preferences of Capercaillie throughout their distribution range (see Storch 2001) , applicability of the model beyond the northern Alps is likely, but remains to be tested. Possible examples of variables that may play a role in some higher parts of the Alps are microclimate and exposure. Two of the model variables, steepness of slope and forest regeneration, showed little variation among and within the study areas. Their contribution to the overall HSI score remains to be tested at further sites.
Throughout the Bavarian Alps, Capercaillie rarely use the lower elevations, even where they provide optimal habitat structure (Storch 1993a (Storch , b, 1994 A. Zeitler, unpublished data) . This may be related to an altitudinal gradient in predation risk decreasing from the farmland valley bottoms, which support high numbers of generalist predators, uphill to the mountain peaks. In other parts of their range (e.g., in the boreal forest), Capercaillie do use lowland areas. Thus, Capercaillie may not select elevation per se. Rather, elevation in the Alps may actually index distance to farmland and, thus, predation pressure. This should be considered when interpreting model results.
The percentage of sample plots with Capercaillie signs was used as an index to Capercaillie use in the model tests. Because plots were sampled in summer, Capercaillie signs reflect habitat use in summer, but not winter. This showed in the closer relationship between the frequency of Capercaillie signs and HSI su than HSI wi or HSI year scores at the scale of sample plots. The winter model has been verified by telemetry data from a single study area. Applications of the winter model therefore should be done with caution. The frequency of Capercaillie signs, however, is not only a function of habitat preference, but also it depends on population density, which is influenced by habitat quality in all seasons. This is reflected by the fact that, at larger spatial scales (nearest neighbors, 100-, 400-ha quadrats, study areas), HSI year was the best predictor of the frequency of Capercaillie use and, thus, population density.
The HSI model and Capercaillie habitat preferences
Capercaillie habitat use at the scale of individual sample plots was closely related to habitat suitability scores according to the HSI model presented: habitat preferences, as expressed by Ivlev's electivity index, increased from poor to excellent habitat suitability, the probability of finding signs increased with HSI scores, and a sample plot's HSI was the variable with the strongest effect on the presence or absence of Capercaillie signs. Although bird-habitat relationships may vary with population density (e.g., O'Connor 1986), habitat selection by Capercaillie with regard to HSI scores was consistent across all study areas. From all this, I conclude that the HSI model correctly describes Capercaillie habitat preferences at the scale of forest stands in the Bavarian Alps.
The HSI model and Capercaillie abundance
There is little doubt that small-scale habitat factors such as those included in the HSI model do have a major influence on Capercaillie abundance (Picozzi et al. 1992 , Klaus and Bergmann 1994 , Storch 1995 . However, Capercaillie populations may also be limited by larger scale habitat features. Telemetry has revealed that Capercaillie prefer larger old-forest stands over small ones (Storch 1997b) , that home range size is inversely related to the amount of preferred habitat Rolstad 1986, Storch 1995a) , and that forest fragmentation leads to increased predation risk (Gjerde and Wegge 1989 , Wegge et al. 1990 , Storch 1997a ).
Aggregating HSI scores masks smaller scale variation in habitat quality. An area that consists of mediumquality habitat throughout receives the same score as an area with 50% optimal and 50% unsuitable habitat. The latter area will score the same regardless of the distribution and grain of the optimal and unsuitable patches. Evidently, these cases are not necessarily the same to a Capercaillie, as indicated by the positive relationship between the size of clusters with excellent suitability and Capercaillie presence and abundance. The extent and juxtaposition of habitat patches may thus lead to differences that cannot be explained by mean HSI scores as produced by the present model. Capercaillie populations may also be influenced by landscape patterns at scales beyond those studied: In Finland, variation in local Capercaillie breeding success is best explained by landscape characteristics within areas of 100 km² (Kurki et al. 2000) ; in particular, the percentage of farmland in the landscape negatively affects breeding success in grouse Lindén 1995, Kurki et al. 2000) . Capercaillie populations are assumed to disappear as forest fragmentation exceeds a critical threshold (Rolstad and Wegge 1987) . Thus, there is evidence that Capercaillie population density may be influenced by habitat factors that range across spatial scales from forest stands to landscapes of 100 km² and beyond.
Because the present HSI model does not include any assumptions regarding landscape patterns, the deterioration of fit with increasing spatial scale may be related to increasing effects of landscape-scale habitat features. At the scale of study areas, variables of landscape pattern better explained Capercaillie presence and abundance than did aggregated HSI scores. Furthermore, across all scales, the results revealed major study-area-specific differences in factors other than small-scale forest structure. The model's limitations to predicting between-area differences in population density became most obvious on Teisenberg (area 6), where Capercaillie were more abundant than in any other study area. Habitat selection with regard to HSI classes did not differ from that in other study areas, and Capercaillie habitat use was related significantly to HSI scores. However, in comparison with the other areas, Teisenberg's greater Capercaillie abundance could not be derived from forest structure alone. Explanations may lie in differences in landscape patterns (e.g., Teisenberg had the largest clusters of high-quality habitat (HSI1NN)), predation pressure (e.g., losses of artificial nests were lower than elsewhere (I. Storch, unpublished data), and social attraction (e.g., Teisenberg holds the largest lek of the region, which may lead to immigration of juveniles from neighboring mountain ranges).
There is no evidence that local Capercaillie populations noticeably fluctuate between years in the Bavarian Alps. On Teisenberg, Capercaillie abundance probably had remained on a similarly high level at least throughout the 1990s: a first census in parts of the area in 1992 had resulted in signs at 11.6% of 809 random sample plots (G. Schwab, unpublished data). The 1997 count on Teisenberg (this study) was replicated in 1999 and 2000; the results were similar (signs at 9.2% vs. 9.9% vs. 12.0% of 467 plots; Friedmann chi² = 3.61, P = 0.2) (I. Storch, unpublished data) . For all six study areas, the observed differences in the frequency of Capercaillie signs agreed with the differences in Capercaillie numbers perceived by local hunters and foresters. Therefore, it can be assumed that the index of Capercaillie abundance used in this study reliably reflected differences in population density among study areas. These differences could not be fully explained by the HSI model.
Speculation
The study-area-specific differences found suggest that Capercaillie abundance in the Bavarian Alps needs to be explained at the level of local populations, i.e., at the scale of mountain ranges. The six mountain ranges studied differed with regard to landscape pattern within the study areas and within the wider surroundings (see Table 1 ). They might also have differed in local climate (Slagsvold and Grasaas 1979, Moss 1985) , predation pressure (Klaus 1985) , human disturbance (Menoni et al. 1989 , Zeitler 1995 , or other factors that may affect Capercaillie populations. In this study, I could only begin to explore potential influences of landscape patterns on Capercaillie abundance. To finally delineate which landscape-scale habitat variables do have significant effects on Capercaillie population density in the Bavarian Alps, a greater sample of mountain ranges must be compared.
Some studies suggest that landscape pattern, per se, only affects population survival when there is <20-30% of suitable habitat in the landscape (Andrén 1994 , Fahrig 1998 ). In the Bavarian Alps, >50% of the landscape is forested. Accordingly, landscape pattern should not have major effects on Capercaillie, and population size should be linearly related to the percentage of suitable habitat (Andrén 1994) . Because aggregated HSI scores were closely related to the percentage of suitable habitat (e.g., HSI ≥0.6), this clearly is not the case (this study). However, for species that are able to use different landscape elements (such as the different forest types and ages in the Alps) to various degrees, Andrén et al. (1997) argue that the numerical response to landscape pattern will depend on overall landscape composition, and cannot be predicted from the percentage of one habitat type alone. Also, one must not neglect that landscape pattern may have major effects on the distribution and abundance of predators within the habitat (Kareiva 1987) . http://www.consecol.org/vol6/iss1/art6
In the Bavarian Alps, forested mountain ranges are separated by densely settled dairy-farming valleys. In addition, various percentages of the mountain ranges have long been cleared for summer pastures for cattle. The farmland valleys, and perhaps also, to a lesser degree, the upland pastures, favor high densities of generalist predators such as red foxes (Vulpes vulpes) and corvids (Corvus corone, Corvus corax, Pica pica). Preliminary evidence from experiments with artificial nests supports the hypothesis that predation pressure may be increasing with decreasing distance from farmland and pastures (Tschunko 2000) . This may explain why Capercaillie avoid lower elevation forests in the vicinity of farmland, even where habitat structure is optimal (I. Storch, unpublished report). Thus, the interspersion of forest, farmland, and pastures may lead to large-scale edge effects (see Laurance 2000) that affect Capercaillie population density, even if >20-30% of the landscape is suitable as Capercaillie habitat.
Conclusions
Despite its limitations at larger scales, the model presented in this paper may be a valuable management tool. As long as the minimum spatial requirements (see van Horne and Wiens 1991) for a Capercaillie population (see Storch 1995b, Grimm and Storch 2000) are met, it allows a land manager to assess the forest-structure-related potential of the area of interest for the Capercaillie, to recognize the spatial distribution of habitats of different suitability, to compare the expected effects of various management scenarios on habitat suitability, and to monitor changes in habitat suitability and distribution over time. In the Alps and elsewhere in central Europe, Capercaillie habitat management is typically planned at the scale of forest stands within forest districts of some hundred to some thousand hectares in size. The data typically available to managers are stand descriptions, with variables of small-scale forest structure. The HSI model allows the evaluation of habitat suitability using these variables. It incorporates habitat features that are significantly influenced by forestry and, thus, can be addressed through habitat preservation measures. Other regulating factors of Capercaillie population dynamics are beyond human control (e.g., climatic stochasticity), or are difficult to influence (e.g., predation pressure). By maximizing habitat suitability based on HSI scores computed with the present model, a manager may improve an area's habitat-related carrying capacity for Capercaillie. It is important to comprehend, however, that improving habitat suitability will not inevitably result in increasing Capercaillie numbers (see Morrison et al. 1992) .
The example of the Capercaillie illustrates that, although a habitat model may correctly describe a species' smaller scale habitat preferences, its potential to predict the species' abundance at larger spatial scales will probably remain limited. In part, this is related to the narrow concepts of habitat and carrying capacity used in many HSI models: typically, they are restricted to vegetation-related components of carrying capacity, although populations may be influenced by a variety of other intrinsic and extrinsic factors as well (Morrison et al. 1992) . Also, wildlife-habitat relationships are often hierarchical (Bissonette 1997) and therefore rarely consistent throughout all levels of spatial scale (Hamel et al. 1986, Schulz and Joyce 1992) . The findings of this study support the conclusion of a recent review by Mazerolle and Villard (1999) that both small-scale and landscapescale characteristics of the habitat should be included in models explaining and predicting the distribution and abundance of vertebrate species. The inclusion of landscape characteristics will enhance the performance and predictive power of habitat models and, thus, may contribute to the success of the conservation and management strategies to which they are applied. 
APPENDIX 1. The Capercaillie habitat model
Model assumptions
Under the HSI approach, the habitat conditions defined as optimal are those that allow the greatest carrying capacity for the target species (Schamberger and O´Neil 1986) . The concepts of carrying capacity and habitat suitability underlying this present model reflect those factors of habitat structure that satisfy life-history needs, determine habitat preferences, and influence the distribution of Capercaillie. This narrow, operational definition does not include other factors that may impact the distribution and abundance of Capercaillie, e.g., predation or climate (Schamberger and O´Neil 1986) . In general, such factors could be included in HSI models. However, for in the Alps, in general, and the study areas, in particular, data are lacking that would allow the inclusion of habitat factors other than vegetation.
The Capercaillie model uses information on habitat preferences to assess habitat suitability. The underlying assumption, which is commonly and perhaps uncritically made in Capercaillie conservation practice, is that habitat preferences reflect habitat quality (for definitions of habitat-related terms used, see Hall et al. 1997 ) and thus are related to reproductive success and/or survival, and finally to carrying capacity and population density (Van Horne and Wiens 1991) . Although there is some preliminary evidence for a positive relationship between Capercaillie habitat preferences and survival (Gjerde and Wegge 1989 , Storch 1994 , 1997a , this assumption has not been formally tested. This study provides further evidence that habitats that provide small-scale structures preferred by Capercaillie indeed support greater numbers of birds.
Model development
I describe the processes of constructing and testing the HSI model using the terminology of Van Horne and Wiens (1991; see also Brooks 1997) : model development (to identify, construct, and combine a set of habitat variables into a series of equations to calculate an overall HSI score), verification (to match the model operations and output to the data set used for model construction), and validation (to match the model output to an independent dataset that was not used in model development).
As is commonly done with HSI models, the model was constructed based on a combination of research data and expert opinion (Morrison et al. 1992) . I identified a set of habitat variables that had been shown to significantly influence Capercaillie habitat use in a five-year (1988) (1989) (1990) (1991) (1992) telemetry study of 24 male and 16 female Capercaillie in the 50-km² Teisenberg area of the Bavarian Alps (Storch 1993a (Storch , b, 1994 . Because the model should be applicable throughout the Bavarian Alps, variables were included that were believed to influence Capercaillie elsewhere, but that had not been relevant on Teisenberg. For better applicability, variables were defined in order to match the measures used in stand descriptions by the Bavarian State Forest Service whenever possible. These are the kinds of data typically available for forest management decisions in the Alps and elsewhere in central Europe.
Based on the Teisenberg telemetry results (Storch 1993a (Storch , b, 1994 and experience from other areas in the Bavarian Alps (I. Storch, unpublished data, A. Zeitler, personal communication) , a suitability index (SI) function was constructed for each model variable, describing the assumed relationship between the variable and Capercaillie habitat use by values between 1 (optimal) and 0 (unsuitable) (see Fig. A1 ). Some variables may reduce, but not exclude, habitat suitability; in such cases, minimum SI scores were set >0. SIs were then combined into simple equations to calculate overall HSI scores. Scores for winter (HSI wi ) and summer (HSI su ) habitat suitability were calculated separately and then combined in an annual HSI score (HSI year ). . Suitability index (SI) functions for the variables of the HSI winter model (above) and the HSI summer model (below). A high SI score indicates preference, low scores avoidance of the habitat by Capercaillie. For successional stage, clearcuts < 1ha in size received greater SI succession scores that clearcuts > 1 ha; for canopy cover, SI canopy scores were greater if gaps existed, e.g., due to snowbreak or windthrow; for stand type, SI scores were greater if fir or pine trees existed, the preferred winter food sources of Capercaillie (dark vs. light bars).
The mathematical ways of combining the variables' SIs were chosen to reflect their assumed role in Capercaillie habitat relationships (Van Horne and Wiens 1991) . Multiplication of SI scores results in a large potential influence of each individual variable, and a zero score for any SI will lead to a zero overall HSI score; such variables function as limiting factors. The arithmetic mean is used if variables are assumed to be compensatory; their SIs contribute equally to the overall score. The geometric mean is used if the SIs are assumed to be partly compensatory, but the overall value is weighed by the smallest SI.
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Model variables and suitability index functions
Capercaillie have seasonally distinct habitat needs. In winter, they feed on conifer needles and spend most of their time on trees, whereas in summer they prefer habitats with abundant ericaceous shrubs, particularly bilberry, Vaccinium myrtillis (Storch 1995b) , for food and cover. For the purpose of the model, "winter" represents the time period with a snow layer, and "summer" represents the snow-free periods, although during spring and autumn, Capercaillie may show intermediate habitat preferences. Males, females, and broods show the same general patterns of habitat use (Storch et al. 1991 , Storch 1993a , b, 1994 , 1995a . Distinct winter and summer habitat suitability indices, HSI wi and HSI su , were constructed to reflect the seasonal habitat preferences of Capercaillie. Eight habitat variables were included in the model. Suitability index (SI) functions for the variables in the HSI winter model and the HSI summer model are shown in Fig. A1 . Below, I sketch Capercaillie habitat preferences in the Bavarian Alps as a rationale for the development of suitability indices for each model variable, based on results from Teisenberg (Storch et al. 1991 , Storch 1993a , b, 1994 , 1995a , 1997a and other work (A. Zeitler, unpublished data, I. Storch, unpublished data) . 1) Steepness of slope (SI slo ): Capercaillie rarely use steep terrain and prefer level ground and moderate slopes. This holds for both sexes, throughout the year, and independently of habitat. Because steepness of slope is not likely to completely exclude Capercaillie use, the minimum score is 0.4.
2) Relative elevation (SI ele ): Capercaillie avoid the lower elevations, regardless of habitat structure. Elevation <300 m (score 0.75) and <100 m (score 0.5) above the farmland valley floor will reduce habitat suitability. (However, refer to the main text section Discussion: Speculation for a discussion of the relevance of elevation as a habitat variable.)
3) Successional stage (SI suc ): Capercaillie are forest obligates. They largely avoid open areas such as alpine pastures or meadows (score 0.2). In even-aged managed forests, they prefer pole-stage and older stands (score 1); the canopy cover and ground vegetation of a stand, however, are more important than its age. Capercaillie rarely use thickets or large clearcuts (score 0.4), but use small clearcuts (<1 ha) more often (score 0.6).
4) Canopy cover (SI can ):
Moderate canopy cover is a prerequisite for a rich ground vegetation. Capercaillie prefer somewhat denser cover (±60%) in winter than in summer (±50%) (score 1), and may even use dense stands if a few gaps exist in the canopy, e.g., due to snowbreak or storm. Therefore, dense stands with gaps scored higher than those without. Stands with canopy cover <20% may be used in summer (score 0.6), but rarely in winter (score 0). (SI typ ): The classification of stands followed the system used by the Bavarian State Forest Service, which only considers the major tree species; e.g., a stand with 95% spruce and 5% fir is classified as "spruce". In winter, Capercaillie strongly prefer to feed on pine (Pinus sylvestris) or fir (Abies alba) needles. Availability of a few pine or fir trees in a stand is sufficient for preferred winter habitat. Therefore, sample plots with pine or fir received higher scores than plots without. Capercaillie avoid stands dominated by deciduous trees as winter habitat.
5) Type of stand
6) Bilberry and other
Vaccinium shrubs (SI bil ): In summer, Capercaillie show a strong affinity to a welldeveloped ground vegetation rich in ericaceous shrubs, especially bilberry. Bilberry is a major food plant of Capercaillie in the snow-free seasons. It is rich in insects for chicks, and it provides optimal hiding and thermal cover for adults and broods. Cover by bilberry and other Vaccinium species of >40% was considered optimal (score 1). (SI veg ): Capercaillie prefer a ground vegetation 30-50 cm high (score 1), tall enough to hide in but short enough to watch out of. Vegetation <10 cm and >70 cm was considered as unsuitable (score 0).
7) Vegetation height
8) Forest regeneration (SI reg ):
If forest regeneration (young trees >0.5 m high) covers 25-50% of the forest floor, conditions for Capercaillie deteriorate (score 0.6); if forest regeneration covers >75% of the forest floor, Conservation Ecology 6(1): 6. http://www.consecol.org/vol6/iss1/art6 conditions become unsuitable for the Capercaillie (score 0).
Combining the variables
The index for Capercaillie winter habitat suitability was calculated based on the variables successional stage, canopy cover, type of stand, slope, and elevation: HSI wi = (SI suc * SI can ) * (SI typ * SI slo ) 1/2 * SI ele .
The major component of HSI wi is stand structure, expressed by successional stage and canopy cover, each of which can be limiting (SI suc * SI can ). Slope and stand type may both reduce the suitability of a stand, but, due to their SI functions, cannot result in a zero overall score (SI typ * SI slo ) 1/2 . Relative elevation (SI ele ) may significantly reduce habitat suitability.
The index for summer habitat suitability included the variables successional stage, canopy cover, bilberry cover, regeneration cover, vegetation height, slope, and elevation:
HSI su = 0.25 * {(SI suc * SI can ) + (2 SI bil * SI reg ) + SI veg )} * SI slo * SI ele .
Three components are assumed to have compensatory effects on HSI su : stand structure (SI suc * SI can ), ground vegetation type (2 SI bil * SI reg ), and ground vegetation height (SI veg ). The component assumed to be most important, ground vegetation type, is given double weight. As with stand structure (see HSI wi ), both variables contributing to ground vegetation type (bilberry cover and regeneration cover) can be limiting. The last two components, slope (SI slo ) and elevation (SI ele ) may each reduce habitat suitability, but because of their SI functions, they cannot lead to a zero overall score.
An index of habitat suitability throughout the year, HSI year = (HSI wi * HSI su ) 1/2 , was calculated as the geometric mean of the winter and summer index, because both winter and summer habitat may be limiting Capercaillie abundance. Among the 2901 sample plots from the six study areas, the scores for HSI wi and HSI su varied widely and were positively correlated (r = 0.58, P<0.001, Spearman rank correlation).
An example for the calculation of HSI scores is provided in Table A1 .
Model verification
I used two existing data sets from the Teisenberg study area for model verification: the telemetry data from 1988 to1992 (Storch 1993a (Storch , b, 1994 ) on which the model was based, and data on indirect Capercaillie signs mapped between July and September 1992 (G. Schwab, unpublished data) . Data on habitat structure for Teisenberg forest stands had been collected in 1989 -1990 (see Storch 1993b for methods; see Table 2 for variables).
For 403 forest stands, I calculated HSI scores and the area-corrected number of radio locations (number per hectare) separately for winter (N = 3586 radio locations; Storch 1993a) and summer (N = 3656; Storch 1993b). Data were pooled for all radio-tagged birds because their habitat selection had not differed individually (Storch 1993a, b) . I grouped forest stands into five HSI classes according to Table 3 . For each HSI class, I calculated the mean HSI score for all stands, used the percentage of stands with at least one radio location per hectare as an index of the probability of Capercaillie use.
For 169 forest stands in the central part of Teisenberg, data on indirect Capercaillie signs had been sampled at 809 random plots (c. 1 plot/ha; >3 plots per stand). Plots were 5 m in radius, and the presence or absence of tracks, feathers, dustbaths, or feces had been recorded during a 15-min search (G. Schwab, unpublished data). As previously described, I grouped forest stands into five HSI classes, calculated mean HSI scores for all stands per class, and used the mean percentage of plots with sign per stand as an index of the probability of Capercaillie use. 1/2 * SI ele = (1.0 * 0.8) * (0.9 * 0.8) 1/2 * 1.0 = 0.68 HSI su = 0.25 * {(SI suc * SI can ) + (2 SI bil * SI reg ) + SI veg )} * SI slo * SI ele = 0.25 * {(1.0 * 0.6) + (2 * 0.6 * 1.0 ) + 0.8 )} * 0.8 * 1.0 = 0.52 HSI year = (HSI wi * HSI su ) 1/2 = (0.68 * 0.52) 1/2 = 0.59
If the HSI model adequately depicts Capercaillie habitat preferences, habitat use should increase from HSI class 5 (poor habitat) to class 1 (excellent habitat). This could be shown using simple Spearman rank correlations between mean HSI score and Capercaillie use: mean HSI scores within the five HSI classes were significantly related to the two indices of Capercaillie use calculated from telemetry data (winter and summer) and indirect signs (summer), respectively (Table A2 ). The greater the HSI score, the more proof of Capercaillie use had been found. Thus, one may conclude that, for the data set on which the model was based, the HSI classes adequately reflected the probability of Capercaillie use at the level of forest stands. 
